Rice grassy stunt virus (RGSV) a member of Tenuivirus family, is very potent and destructive which effects rice crop in many countries, particularly China. we highlighted the biology of Rice grassy stunt virus and its insect vector and its silencing suppressors. This work will be helpful for plant virologists to understand the whole biogenesis mechanism for rice viruses especially RGSV.
have involvement during viral infection or host susceptibility. [122] found that RRSV infection increases the miR319 accumulation and obstructs the expression of miR319 regulated TEOSINTE BRANCHED/CYCLOIDEA/PCF (TCP21) genes in the host. Transgenic rice plants which are overexpressing miR319 or down regulating TCP21 showed disease like phenotypes and exhibited the higher susceptibility to RRSV with wild type plants. In RGSV is recently the most significant and destructive virus of rice family which causes plant growth stunting and profuse tillering which greatly reduce the yield of the rice crop. Many varieties and new lines have been grown in the form of resistance to control N. lugens in many Asian countries, but every time one new insect vector biotype has been observed after planting the resistant variety or cultivar [22] . RGSV has 6 RNA segments, and 12 open reading frames ORFs. RNAs 1,2,5 and 6 of RGSV quickly correspond to RNAs 1,2,3 and 4 in rice stripe virus (RSV) which is a member of Tenuivirus [69] .
Three RGSV encoded protein functions are known. RNA1 is encoded by pC1 (339.1-kDa) by the complementary sense, and it acts as RNA dependent RNA polymerase (RdRp), which has similarity to RdRp of RSV with 37 ± 9 % amino acid sequence identity which is over 2,140 amino acid residues. The Protein pC5 having size 35.9 kDa, is mainly encoded by vcRNA5 that is nucleocapsid protein which accumulates in RGSVi and viruliferous brown planthoppers [13] .
The protein pC6 (36.4 kDa) which is proposed to act as a movement protein, is mainly encoded by vcRNA6 and it can trans-complement for the detection of TMV cell-to-cell extended movement [35] . It is supposed that the RGSV protein functions are going to be deduced by RSV counterparts, but its functional authentication is very important which is given by the sequence of the low amount of amino acid characterization between these two proteins [121] .
Many viruses are obligate infectious agents, and their life cycle, viral protein expression, viral genome replication and virion assembly are responsible for the host cell functions. Plant viruses can change the characteristics of endogenous sRNAs which may lead to the formation of other sRNAs that are different from their original genomes (viral sRNAs; vsiRNAs). Similarly, it was confirmed that it helps to activate the RNA based gene silencing responses in plants. Several times, it has been proved that titre reduction in invading virus leads to regaining of noninoculated leaves [88] [91].
Planthoppers
Planthoppers belong to kingdom Animalia, phylum Arthropoda, class Insecta, order Hemiptera and family Delphacidae which has 2,000 species worldwide. Planthoppers are important vectors which transmit 3% of all plant viruses. Nucleorhabdovirus, Tenuivirus, Phytovirus, and Oryzavirus are virus families in which plant hoppers act as vectors to transmit the viruses in plants [36] . Nilaparvata lugens brown plant hopper acts as an important plant virus vector in Southeast Asia. RGSV and rice ragged stunt virus (RRSV) cause economically important diseases in which planthoppers transmit the diseases via persistent manners [73] . Silencing of planthopper N. lugens genes was demonstrated via RNAi technique, which was done by different methods like injection (calreticulin, cathepsin-B, beta2) [48] , ingestion of V-ATPase-E, 21E01
[44] and artificial feedings (trehalose phosphate synthase, NITPS) [10] .
RNAi has become a dominant technique to evaluate the gene function in insects nowadays.
[48], they performed RNAi strategy through microinjection of dsRNA in brown planthopper (N. lugens). They selected three genes with dissimilar expression patterns to check the RNA interference mechanism. Universally expressed Calreticulin gene and cathepsin-B, beta2 showed 40% reduction of gene expression after injection at 4 th day but 25% reduction of Nlβ2 (central nervous system-specific gene) at 5 th day. (Lu et al, 2015) [55] stated in their experiment that NNgR gene showed specific expression level in planthopper ovary and level of mRNA increased subsequently adult female emergence.
Protein NNgR showed ovary-specific expression mechanism during western blot analysis and also showed consistency with NlVgR transcript detection. Injection with NlVgR (dsRNA) considerably disturbed the NlVgR gene, that directed to decrease of NVg protein level in insect ovary.
Silencing of ecdysone receptor was done in species of planthoppers, N. lugens, L.striatellus, the vector for Rice stripe virus (RSV) and Sogatella furcifera, the vector of Southern rice blackstreaked dwarf virus (SRBSDV) which showed phenotypic defects and mortality of molting nymphs as shown in (Table 1 ) [107] . Silencing of coronatine insensitive 1 (COI1) in rice plants not only improved the defense responses in plants but also enlarged the N. lugens susceptibility of feeding the rice plants [113] . Silencing of chitin synthase (CHSI, CHS1a) showed results as elongated wing pads, crimpled cuticle phenotypes and also insect lethality, in which phenotypes were triggered by injection of CHS [101] . [112] reported that reporter genes which are involved in siRNA and miRNA pathways in brown planthoppers, the miRNA pathway showed brown plant hopper metamorphosis as weakening of Argonaute (AGO1) and Dicer (DCR-1) genes extensively and also showed a reduction of ecdysis. DCR-2 gene disclosed 55% minimization of gene expression in N. lugens after feeding, and also no changes were seen insect development [126] . Glutamate synthase (GS) knockdown by RNAi also decreased the fecundity of N. lugens by almost 64.6%, disrupted ovary development and showed vitellogenin (Vg) inhibition [117] . DCR plays an important role in N. lugens for the regulation of oogenesis in the telotrophic ovary [125] .
Arginine kinase and Hsp70 plays a critical role in survival, and triazophos increases the thermotolerance in brown planthopper [33] . Two species of N. lugens were targeted by RNAi, GSTe1, and GSTm2 that significantly increased the fourth-star nymph's sensitivity to pesticide chlorpyriphos [130] . Enolase gene (Eno1) silencing revealed down-regulation of mRNA level significantly in N. lugens and also decreased the egg laying capacity and population size during next generation of the planthopper [100] . Silencing of N-acetylhexosaminidase gene causes the molting and death of brown planthopper [108] Here we have mentioned some roles of viral suppressors for Rice grassy stunt virus.
Role of p5 as a viral suppressor
A cDNA library was screened with the help of GAL4 based yeast two hybrid system by applying RGSV p5 as bait [110] . One important host factor which interacts with RGSV p5 was found to be CBL interacting protein kinase25 (OsCIPK25), which participate in plant specific CBL-CPK In this study, authors confirmed that RGSV p3 has no impact on a VSR and no VSR activity of p5 was found over RGSV p3 and not even in p5 localized pattern from Tobacco Nicotiana benthamiana plant cells. In a p5-p5 viral sense, p5 interacts with itself and encodes RNA3 with p3. P5-p3 interactions were found by bimolecular fluorescence complementation (BiFC) assay, co-immunoprecipitation (Co-IP) assays and subcellular co-localization that helps to confirm the p5-p3 interaction. P5-p3 interaction needs N-terminal (amino acid residues 1 to 99) and Cterminal (amino acid residues 94 to 191) domains of p5 by using Yeast 2 Hybrid system.
Interestingly, when p5 and p3 were expressed together, then PVX accumulation and pathogenicity was found [120] .
Role of Pc4 as putative movement protein
The use of Pc4 as bait (which is RSV putative movement protein) by the Gal4-based yeast-twohybrid system for screening the cDNA of rice, produced a maximum number of positive colonies.
Ten independent proteins also responded by sequence analysis. Amongst the ten proteins, J protein and small Hsp protein were used to identify the interaction. By coimmunoprecipitation, it was confirmed that pc4 has interaction with these two proteins. RSV has 4 single standard genomic RNA which is called as RNA1, 2, 3 and 4 with their size in reducing style. RNA1 has one big ORF which encodes a protein of 337 kDa molecular weight that was thought to be Also, Pns12 is localized in the nucleus of N. benthamiana leaf cells [104] .
Pns6 Role as putative movement protein
[104] The study of Wu et al., (2010) confirmed another protein Pns6 which is also putative movement protein in Rice Ragged Stunt Virus (RRSV), which shows silencing suppressor activity in co-infiltration assays by GFP in transgenic Nicotiana benthamiana line 16c. RRSV of Pns6 also showed local suppression by sense RNA, but no activity was found induced by dsRNA.
It was the pioneer silencing suppressor found in rice. [104] took these two proteins together;
Pns6 consists of 592 amino acids and has 65 kDa molecular weight which acts as RRSV silencing suppressor.
Reoviruses which infect plants are classified into three genera as Fijivirus, Phytovirus, and
. RRSV is a member of genus Oryzavirus. The viral transmission is by persistent manner, by the vector brown planthopper. The plant family which is the main target of this virus is Gramineae. This viral disease was first discovered from 1976 to 1977 in Philippines and Indonesia. Afterwards, the disease spread to a large number of rice growing areas in far eastern and southeastern Asia and hampered rice production with severe yield losses. The virion of RRSV is an icosahedral particle, having a polyhedral core with flat spikes about 10 nm high and 20 nm wide surrounding. The genome of RRSV consists of 10 dsRNAs with a range of 1.2 to 3.9 kb molecular weights. The complete nucleotide sequence of every genomic segment has been determined which is denoted as S1-S10 [103] . [4, 95] found that only one important process regarding RNA silencing or RNA interference
Role of Pns9 as Silencing Suppressor
RNAi which is found in many eukaryotic organisms, and can be found at transcriptional and post-transcriptional levels in the shape of gene suppression. SiRNA is integrated into the induced RNA silencing complex which is responsible for leading the translational repression or translational repression degradation by the specific sequence way as shown in Figure (1) .
[67] confirmed that when hairpin forms then the expression of dsRNA becomes so simple that may lead to silence the pathogenic genes by many species which are invaded and also endogenous genes by expression. Hairpin RNA is derived from the gene for Pns9, a viroplasm matrix protein of Rice gall dwarf virus confers strong resistance to virus infection in transgenic rice plants.
Role of RDRs, AGOs and DCL enzymes as Silencing Suppressor:
MicroRNAs have become an important element for plant pathogenic interactions. Modulating miRNA function has been developed as a novel mechanism for production of virus resistance traits, but the miRNAs involvement in antiviral defense and its fundamental mechanism still remain indefinable. [106] OsRDR6 regulation by antisense OsRDR6AS which improved the susceptibility of rice against RDV infection, but OsRDR6 overexpression showed no effect on RDV infection.
Endogenous double-stranded RNA (dsRNA) nowadays known as dsRNA virus in rice Oryza sativa Endornavirus (osEV) which found in several cultivars of rice [93] . Small RNAs which were derived from osEV dsRNA were identified, demonstrating that RNA silencing distinguishes the osEV dsRNA. VsiRNA functional interaction which has AGO complexes with the complementary target RNAs are also responsible for cleavage and translational inhibition of the cognate RNAs [7, 53] , but transcriptional repression is done by the interaction with target DNA molecule through altering DNA and histones.
Multifunctional protein C1 as Silencing Suppressor:
The systemic virus infection in the plant is the result of complex molecular interaction between the invading virus and host plant [98] . For a successful systemic viral infection, viruses must be able to produce progeny viruses in the initially infected cell, from there, they move to adjacent cells and could be transported to long distances within the plant. PD is a special intercellular organelle which crosses the cell wall to establish endomembrane and cytoplasmic continuity among the neighboring cells [66] . PDs are used by viruses for their local or cell to cell movement in epidermal and mesophyll cells, while the phloem allows virus for the longer distance transport to access the faraway tissues through the vascular system [18] . It is established that intercellular movement of viruses is facilitated by virus-encoded movement protein (MP) [97] . However, mode of action of movement proteins, their number and interactions with cellular structures of host varies from virus to virus.
Viral induction and suppression of RNA silencing
Eukaryotic organisms are dependent on genetic regulatory pathways. sRNAs are the main part of these genetic regulatory pathways which are 21-24nt in length and also have its expression inside, which further leads to precursors from double-stranded (ds) RNAs or dsRNA [88] . and also show direct action on host genes [88] .
Antisense oligonucleotides (AOs) are widely used to transmit splicing of mutation-bearing pre mRNA to inhibit it from the generation of disease-causing mRNA and compelling it to connect into disease rescuing mRNA [84] ] RNAs are used as a tool for targeting others RNAs like pre mRNA by using antisense hybridization. Vectors U1 snRNA-and U7 snRNA containing intrinsic snRNA are modified to obtain antisense sequences for targeting pre mRNA with native five ends of snRNA has been formed as shown in Figure 4 [62] [15]. [70] . Similarly, RNA transcription units are derived from fold-back structures in most of the vsiRNAs associated with geminivirus infections (viruses having singlestranded genome) [9, 94] .
Geminivirus is an added example in which vsiRNA originate from dsRNA molecules.
Transcription is bidirectional in these single-stranded DNA viruses from dsDNA intermediates (Fig. 1) . A partial explanation of the generation of vsiRNAs is certainly when sense-antisense transcription pairs of opposite polarity overlap at their 3' end forming and exactly corresponding dsRNAs [9] .
Transgenic Mechanism as Silencing Suppressor
Rice (Oryza sativa L.), is very important cereal crop worldwide. Asia consumes 650 million tons of rice which become 90% of total world production [38], [116] . In Asia, rice production is under serious threat from 10 out of 15 most damaging viruses. In 2006-07 in South Vietnam, Rice ragged stunt virus (RRSV) and Rice grassy stunt virus (RGSV) infected 485,000 hectares of rice fields which caused 828,000 tons of rice lost worth of US$ 120 million, left millions of farmers helpless [8] . Viruses are causing enormous rice yield losses worldwide.
Genetic Engineering is most important technology for determining the resistance to field crops, whether it is found or not used by virus-derived genes that lead to the pathogen-derived resistance [79] . RNA Silencing is one of the most widely used methods to check the resistance in plants against the RNA viruses which is approximately used for more than 15 years [14, 64, 74] .
RNAi mediated resistance lead to the plant virus control, or having different levels of immunity or late comings of symptoms and also sometimes no resistance occurs [5, 19, 29, 72] .
Identification of [85, 86] stranded RNAs (dsRNAs), which are labeled as S1to S10, as they occur in the electrophoretic pattern of migration on polyacrylamide gels like SDS.
Recently two groups have proposed a tentative species named Southern Rice Black-Streaked Dwarf Virus (SRBSDV) in the Fijivirus genera [123, 129] . The spread of SRBSDV throughout the northern Vietnam and southern China has been rapid and caused serious damage in certain rice growing regions [99] . Transmission of this virus occurs by a white-backed planthopper (Sogatella furcifera: order Hemiptera and family Delphacidae), in a manner which is persistent and propagative. SRBSDV is related very closely to RBSDV because both viruses have nearly 81% identity of amino acids in P7-1, it is encoded by S7 genomic segment [129] . Moreover, the infection of SRBSDV also induces the development of tubules in the cells of insect vectors and plants. Nevertheless, the origin and significance of these tubules remained unknown. In this study, it was identified that P7-1 of SRBSDV has the main ability to form tubules which grow from the surface of the cell when other viral proteins are absent.
In various cellular processes, Protein-Protein Interactions (PPI) plays an important role.
Characterization and identification of PPIs could provide important insights into protein functions helpful at the cellular level [121] . The mapping of viral protein interaction network will significantly help in understanding the cycle of virus infection, viral pathogenicity mechanism, and host-virus interactions. It has been reported that Intra-viral PPIs does occur in Rice Streak Virus (RSV) and Southern Rice Black-Streaked Dwarf Fijivirus (SRBSDV) [45, 47] .
It can be easily assumed like in a lot of viruses that intro viral PPIs could play an important part in the replication cycle of RSV and SRBSDV. Therefore, it will be interesting to investigate whether PPIs exist among RGSV specific proteins-proteins shared with RSV and whether these PPIs are conserved in the members of genus Tenuivirus. Among the Tenuiviruses RSV is a thoroughly studied virus.
It has caused widespread losses in rice production in Japan, Korea, and China [23, 105] . There are reports that it not only infects rice but wheat, maize, oat, foxtail, Arabidopsis, millet, and weeds as well [46, 90] . At the moment it is identified that various host factors interact with RNA or proteins of RSV, which are being manipulated by RSV for the completion of its life cycle [58, 128] . Remarkably, P2 the nonstructural protein of RSV, a viral silencing suppressor, has the ability of binding to rice host protein which is similar to the suppressor of gene silencing in Arabidopsis (AtSGS3). Formerly it has been found that P3 which is a nonstructural protein of RSV encoded by RNA3 acts as RNA silencing suppressor [111] . It was hypothesized by Wu and his fellows that dual function is played by a P3 protein, both in the facilitation of viral infection and inhibition of pathogenic development by inducing host defense mechanism [102] .
Eukaryotes and plants use a much-conserved mechanism RNA silencing as a defense strategy against transposons and viruses [104] . Generally, dsRNAs trigger RNA silencing. Cellular 
Conclusion
In this review, we have tried to summarize some report cases representing successful gene silencing. Some cases have investigated the gene silencing which has direct interaction for virus transmission. Expression of siRNA molecules in rice plant for insect feeding and inducing silencing will be the best method for RNAi-based pest control.
South, Southeast and East Asian countries are severely attacked by rice viruses and lead to reduced s production of rice in these countries. The use of Insecticides to manage the insect vectors is the main approach, but it increases the cost of production which is the main burden on rice farmers. Genetic resistance manipulation for rice viruses is the most economical approach to manage them.
Recently, an important antiviral vsiRNA-program which is named as AGO-containing complex is capable of leading directed sequence-specific cleavage, somewhat translational inhibition and also transiently express the sensor construction which contains viral segments is also reported.
The use of RNAi is a prominent and favorable method to maintain the resistance to rice viruses.
The mapping of viral protein interaction network will significantly help in understanding the cycle of virus infection, viral pathogenicity mechanism, and host-virus interactions. The development of transgenic rice plants which have the extra high capacity to maintain resistance against viruses, targeting of viral genes which have a special role in virus entry and proliferation at the start of viral replication. As a much-conserved mechanism, RNA silencing is used by eukaryotes and plants as a defense strategy against transposons and viruses.
Classical virus l control methods have partial success at reducing the destruction caused by plant viruses. The discussed data highlights the discovery and application of vsiRNA against virus attack and supports the notion of utilizing some novel germplasm for the increment of future rice productivity.
Engineering plants for silencing point of view can be a most effective method to control the persistent viruses by silencing of genes which have an important role in transmission.
Developing the transgenic plants for induction of silencing in vectors will be innovative by developing specifically expressed genes in insects. 
